Abstract. The double vector meson production in two-photon collisions is addressed assuming that the color singlet t-channel exchange carries large momentum transfer. We consider the non-forward solution of the BFKL equation at high energy and large momentum transfer and estimate the total and differential cross section for the process γγ → V1V2, where V1 and V2 can be any two vector mesons (Vi = ρ, ω, φ, J/Ψ, Υ ). A comparison between our predictions and previous theoretical results obtained at Born level or assuming the pomeron-exchange factorization relations is presented. Our results demonstrate that the BFKL dynamics implies an enhancement of the cross sections. Predictions for the future linear colliders (TESLA, CLIC and ILC) are given.
Introduction
Understanding the behavior of high energy hadron reactions from a fundamental perspective within quantum chromodynamics (QCD) is an important goal of particle physics. Attempts to test experimentally this sector of QCD have started some years ago with the first experimental results from lepton-hadron (DESY-HERA) and hadron-hadron (FERMILAB-TEVATRON) collisions. On the other hand, the papers which form the core of our knowledge of the Regge limit (high energy limit) of QCD were established in the late 1970s by Lipatov and collaborators [1] . The physical effect that they describe is often referred to as the QCD pomeron, with the evolution described by the BFKL equation. The simplest process where this equation applies is the high energy scattering between two heavy quark-antiquark states, i.e. the onium-onium scattering. For a sufficiently heavy onium state, high energy scattering is a perturbative process since the onium radius gives the essential scale at which the running coupling α s is evaluated. This process was proposed as a gedankenexperiment to investigate the high energy regime of QCD in [2-4] (see also [5] ). At leading order (LO), the cross section grows rapidly with the energy,
with α P − 1 = rapidly with the energy. Some examples of processes which are directly related with the onium-onium scattering are forward jets in deeply inelastic events at low values of the Bjorken variable x in lepton-hadron scattering, jet production at large rapidity separations in hadron-hadron collisions and off-shell photon scattering at high energy in e + e − colliders, where the photons are produced from the leptons beams by bremsstrahlung (for a review of BFKL searches, see e.g. [6] ). This last process presents some theoretical advantages as a probe of QCD pomeron dynamics compared to the other ones because it does not involve a non-perturbative target [7] [8] [9] . In particular, the photon colliders offer unique possibility to probe QCD in its high energy limit [10] . The simplicity of the initial state and the possibility of study of many different combinations of final states make this process very useful for studying the QCD dynamics in the limit of high center-of-mass energy √ s and fixed momentum transfer t. For instance, if we consider quark production in γγ collisions we see that in the general case there can be three large momentum scales in this process -the photon virtuality Q 2 , the momentum transfer t and the quark mass M . It implies that for real photons interactions and t = 0 only heavy quark production can be treated perturbatively. On the other hand, perturbation theory can be used even for light quark production if |t| Λ 2 QCD . In the last years many authors have studied in detail the heavy quark production in γγ collisions considering different theoretical approaches [11, 12] (see also [13] ).
Another possibility for the study of the QCD pomeron is the vector meson pairs production in γγ collisions [14] . At very high energies s −t, diffractive processes such as γγ → neutral vector (or pseudo-scalar) meson pairs with virtual or real photons can test the QCD pomeron (odderon) in a detailed way utilizing the simplest possible initial state. As in the case of the large angle exclusive γγ processes, the scattering amplitude is computed by convoluting the hard scattering pQCD amplitude for γγ →with the vector meson wave functions. For heavy vector mesons, this cross section can be calculated using the perturbative QCD methods. First calculations considering the Born two-gluon approximation have been done in [14] . Some years ago, the double J/Ψ production in γγ collisions has been proposed as a probe of the QCD pomeron [15] , where the cross sections are calculated in the BFKL framework and also considering a next leading order (NLO) calculation by a kinematic veto on the gluon momenta in the ladder. Non-perturbative contributions for this process are studied in [16] by employing modified gluon propagators. Theoretical estimates of the cross sections presented in [15] have demonstrated that measurement of this reaction at a Photon Collider should be feasible (see also [17] ). On the other hand, in order to calculate light vector meson production it is necessary to consider virtual photon collisions or a large momentum transfer. In this paper we study the double vector meson production in γγ collisions, where the color singlet t-channel exchange carries large momentum transfer. Such processes are characterized by a large rapidity gap between the vector mesons, these being identified experimentally by their decay into charged particles, e.g. ρ → π + π − . The presence of a large momentum transfer allow us to calculate the light and heavy vector mesons production cross sections for real photon interactions. We consider the non-forward solution of the BFKL equation at high energy and large momentum transfer and estimate the total and differential cross section for the process γγ → V 1 V 2 , where V 1 and V 2 can be any two vector mesons (V i = ρ, ω, φ, J/Ψ, Υ ). Our study is motivated by the fact that the experimental data for the vector meson photo-production at high t in electron-proton collisions at HERA can be described quite well using the impact factor representation and the non-forward BFKL solution [19, 20] . In order to simplify our calculations we will consider the non-relativistic approximation in the calculations of the impact factors. This approximation should be not applicable for light mesons. However, as verified in [19] , the predictions obtained using the non-forward BFKL solution at asymptotic energies (leading conformal spin solution) and this approximation agree quite well with heavy and light meson HERA data. This phenomenological success occurs due to the selection of the dominant amplitude of the general expression as demonstrated in [20] . We will assume that this dominance will be also present in the processes considered in this paper, and use this approximation in that follows. We postponed for a future publication the study of double vector production using the full amplitude, similarly to [20] , which will allow us to consider the helicity flip of the quarks. This paper is organized as follows. In the next section we present a brief review of the formalism necessary in order to calculate the differential and total cross section of the Fig. 1 . Impact factor representation for the γγ → V1V2 process γγ → V 1 V 2 process. In Sect. 3 we present our predictions and compare our results with previous estimates. Finally, in Sect. 4 we present a summary of our main conclusions.
Formalism
In order to calculate the γγ → V 1 V 2 cross section we will consider the impact factor representation proposed by Cheng and Wu [21] many years ago, which allows us to factorize the process in three disjoint parts: the impact factors associated to the transitions I γVi (i = 1, 2) and the exchange mechanism between them represented by K BFKL in Fig. 1 . In this representation, the amplitude for the high energy process AB → CD can be expressed on the form
where I A→C and I B→D are the impact factors for the upper and lower parts of the diagram, respectively. That is, they are the impact factors for the processes A → C and B → D with two gluons carrying transverse momenta k and q − k attached, the gluons being in an overall color singlet state. At lowest order the process is described by two-gluon exchange, which implies K BFKL ∝ δ (2) (k − k ) and an energy independent cross section. At higher order, the dominant contribution is given by the QCD pomeron singularity which is generated by the ladder diagrams with the (reggeized) gluon exchange along the ladder. The QCD pomeron is described by the BFKL equation [1] , which implies that the exchange of the gluon ladder with interacting gluons generates increasing cross sections with the energy. As our goal is the analysis of double vector meson production at large −t, we will use in our calculations the non-forward solution of the BFKL equation in the leading logarithmic approximation, obtained by Lipatov in [22] .
The differential cross section, characterized by the invariant collision energy squared s, is expressed in terms of
